the passive anisotropic properties of cardiac muscle play an important role in the excitability and safety factor of conduction. They also showed that increasing the junctional resistance with ouabain preferentially depressed impulse conduction transverse to the fiber orientation. 6 Balke et a17 and Delmar et a18 demonstrated that the selective increase in junctional resistance by administration of heptanol9,10 caused a See p 1447 preferential slowing of conduction and conduction block of transverse propagating wave fronts without affecting the amplitude or maximum rate of depolarization of the action potential.
There is increasing evidence for the reentrant nature of ventricular tachycardias (VTs) in the Methods Sixteen Flemish rabbits of either sex weighing 3.4-5.2 kg were used for this study. The experimental model consisted of a ring of healthy epicardium in the left ventricle of Langendorff-perfused rabbit hearts created by a cryoprocedure.1415 A detailed description of the experimental model, recording and stimulation techniques, conduction velocity measurements, and histological examination is given in the companion report. 16 
Experimental Protocols
In 10 experiments, the protocol consisted of two parts executed in the order explained below in five and in the reverse order in the other five. First, the effects of increasing heptanol concentration on reentrant VT were studied. Thirty minutes after induction of sustained reentrant VT by programmed electrical stimulation, heptanol was added to the perfusion fluid in a concentration of 1.0 mM. Every 30 minutes, the concentration of heptanol was increased in steps of 1.0 mM until tachycardia terminated. Continuous on-line recording of activation maps allowed careful monitoring of the time course and dose-dependent effects of heptanol on VT cycle length and longitudinal conduction velocity (0G) measured at the left free wall and transverse conduction velocity (0T) measured at the corridor between the left anterior descending coronary artery (LAD) and the obstacle. The site of VT termination was correlated with the histologically determined fiber orien- 
Results

Characteristics of Ventricular Tachycardia
During the control period, epicardial mapping showed that in all cases VT was a result of reentry of the impulse around the obstacle. The cycle length of VT ranged from 130 to 176 msec in different experiments (mean length, 143+13 msec). During the control period of 30 minutes, the cycle length was constant (+3 msec), and spontaneous termination was never observed. During VT, conduction velocity was different in different segments of the ring depending on the angle between the direction of propagation and epicardial fiber orientation. During longitudinal propagation (angle between fiber orientation and direction of propagation, 2±3°), 0L was 70±9 cm/sec (range, 52-91 cm/sec more sensitive to heptanol administration than 6L. As a result, the anisotropic ratio progressively increased from 3.4+0.5 during control to 5.3±0.9 (p<0.01) for 4 mM heptanol (see Table 1 ). In Figure 1 , the activation maps during a sustained counterclockwise VT are shown during control and administration of 1, 2, and 3 mM heptanol. During control, the VT had a stable cycle length of 147 msec. At the corridor between the LAD and the obstacle where the impulse propagated perpendicular to the fiber orientation, crowding of isochrones indicates that conduction velocity was much slower (6,, 21 Table 2 ). In Figure 3 , the activation maps of a clockwise VT during 4 [K+], on the anisotropic ratio is shown in Figure 4 .
During increasing doses of heptanol, the anisotropic ratio progressively increased from 3. In a minority of experiments (two of 10 during heptanol and three of 10 during high [K'],), termination of VT was not caused by primary conduction block in a certain segment of the circuitous pathway but rather by collision with another wave front, which was reflected in the ring. In Figure 6 , an example of termination of VT by collision with a returning wave during heptanol administration is given. Fifteen unipolar electrograms spaced at equal intervals around the obstacle are shown. During sustained VT, the circulating impulse propagated from electrode 1 to electrode 15 with fast conduction between electrodes 1 and 8 and slow conduction between electrodes 10 and 14, which were located at the corridor between the LAD and the obstacle. During the last beat of the VT, the sequence of activation was suddenly reversed in part of the ring (electrodes 1-9) and propagated as a returning impulse against the direction of the original circulating impulse. The two wave fronts propagating in opposite directions around the ring collided at electrode 1, resulting in sudden termination of the VT. During heptanol administration, the point of reflection in both cases was located in the area of severely depressed transverse conduction, whereas during high [K+]0, in all three cases the returning wave originated from the area of depressed longitudinal conduction. The isochrone maps from the area of reflection showed that the returning wave was not caused by "true" reflection.17 A returning wave originated when the circulating impulse encountered arcs of conduction block not extending along the entire width of the ring. As a result, the impulse could continue its normal orthodromic course while simultaneously starting an antidromic wave by microreentry through the incomplete arc of unidirectional block.
Effects of Tetrodotoxin on Ventricular Tachycardia
In a different series of six hearts, the effects of YTX on reentrant VT were studied. TTX was administered at increasing doses (1, 2, 5, 10, 20, and 30 ,uM) at 5-minute intervals until VT terminated. The mean concentration of TTX at which VT terminated was 25+5 ,uM. The VT cycle length increased from 167+17 msec during control to 793 ± 122 msec before termination (p<0.001). 0L and 0T values during control were 67±7 and 23+2 cm/sec (anisotropic ratio, 2.9 0.3) compared with 17+6 and 8±2 cm/sec (ratio, 2.1±0.3), respectively, during TTX just before termination of VT. In four of six hearts, VT terminated by longitudinal conduction block. In the remaining two hearts, VT terminated by collision of the circulating impulse with an antidromically returning wave front. An example of the effects of TTX on VT is given in Figure 7 . During control, the counterclockwise VT had a cycle length of 171 msec. Administration of 5 and 10 ,uM TTX prolonged the cycle lengths to 333 and 610 msec, respectively. A further increase in the dose of TTX to 20 ,uM prolonged the cycle length to 752 msec, and VT was terminated by longitudinal conduction block at a segment of the ring where conduction velocity was 62 cm/sec during control.
Discussion
Our experimental model consisted of a ring of normal perfused epicardium with uniform anisotropic properties. Because of the natural epicardial fiber orientation, during reentrant VT the circulating wave front travels parallel to the fiber orientation in some segnents and perpendicular to the fiber axis in other the action potentials had become normal again, conduction of the electrical impulse was still impaired because of the development of fibrotic septa disrupting the electrical coupling between cells in a transverse direction. Several investigators used uncoupling agents to study the role of intercellular resistance on anisotropic conduction.7'0'24 These studies showed that uncoupling had a preferential effect on conduction perpendicular to the fiber axis and in regions with a high coupling resistance in and around a myocardial infarction.1024 It has been suggested that by producing complete conduction block in these areas, the abnormalities in propagation in infarcted myocardium might be eliminated. 24 In the present series of experiments, the administration of heptanol during reentrant VT; before termination, the VT cycle length was threefold to fourfold that of the control VT interval. This suggests that in our model, the safety factor for conduction was high both parallel and perpendicular to the fiber orientation. Thus, because of the high degree of safety factor uniformity in a circuit of normal anisotropic myocardium, a general depression of either passive or active membrane properties did not terminate VT at a suitable therapeutic range. On the other hand, in diseased myocardium, one might expect circuitous pathways that exhibit large safety factor differences. In such a substrate of reentrant VT, a moderate increase in intercellular resistance or decrease in generated excitatory current might specifically block conduction in a segment of the circuit with a relatively low safety factor. If in this segment the fibers are oriented perpendicular to the direction of the circulating impulse, an uncoupling agent might be most effective; in cases in which the impulse propagates longitudinal to the fiber axis, a sodium channel blocker might be more successful in terminating the tachycardia. In some cases, such as the one presented in Figure  2 , electrical uncoupling changed uniform transverse conduction into a zig-zag pattern around multiple arcs of transverse block. This zig-zag pattern often preceded microreentry, resulting in a returning antidromic wave that terminated VT. Interestingly, in human atrial bundles, Spach et a125 observed a similar phenomenon during longitudinal propagation when sodium conductance was impaired. They showed that the induction of premature action potentials changed uniform longitudinal conduction into a dissociated zig-zag type of conduction around arcs of longitudinal block. The phenomenon of zigzag conduction appears to be of importance for the characteristics of reentrant VT by creating an area of very slow apparent conduction velocity. In the example shown in Figure 2 , 0T during control was 19 cm/sec. After heptanol administration, the apparent conduction velocity decreased to 4 cm/sec. However, because of the zig-zag pattern of conduction during heptanol, the actual path length was fourfold longer than that during control. If this prolongation in path length is taken into account, a true conduction velocity of 18 cm/sec becomes evident. Thus, an area of microscopic zig-zag conduction might provide an area of extremely slow conduction in part of the circuit, whereas the actual conduction velocity is still within the physiological range.
Study Limitations
The use of pharmacological blocking agents to study basic electrophysiological properties is limited by other possible nonspecific drug effects. Our assumptions that heptanol affects only passive membrane properties and that high [Kt] 32 Gettes et a133 demonstrated that the slowing of conduction produced by extracellular K' concentrations of more than 9 mM were caused mainly by a depression of the fast sodium channels. Because of the possible effects of K' on membrane resistance, we studied the effects of a selective sodium channel blocker (TTX) in an additional series of six hearts. The effects of TTX on VT were comparable to those resulting from an increase in [K'],. As during high [Kt]0 administration, longitudinal propagation was preferentially depressed and VT was terminated by longitudinal conduction block. This suggests that the effects of high [K'], on VT were caused mainly by a decrease in the active membrane properties.
